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Two methods for the determination of formaldehyde in migration solutions obtained from tableware made of thermosetting resins, that using acetylacetone (AA) and that using 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (AHMT), were compared. The calibration curve obtained by the AA method was y=0.132x-0.004, r=1.0000, and that obtained by the AHMT method was y=0.282x-0.005, r=0.9998, wherey=optical density, x=concentration of formaldehyde (ppm) and r=correlation coefficient. These results indicated that the sensitivity of the AHMT method was 2.1 times higher than that of the AA method.
The responses of acetaldehyde, propionaldehyde, n-butyraldehyde and acrolein in the AHMT method was 10 to 100 times higher than those in the AA method.
No effect of coexisting urea, phenol or melamine up to 100 ppm was observed in either method. The AHMT method was affected by tempera- As specified by the Food Sanitation Law on utensils, containers and packaging, an acetylacetone (AA) method is used to detect formaldehyde released from plastics1). Recently it has been claimed in the media (TV and newspapers) that formaldehyde not deteced by the acetylacetone method was detected by the method using 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (AHMT) in migration solutions obtained from tableware made of melamine resin. The AHMT method was applied for formaldehyde standard solutions by Mimura et al2). and Okada et al3)., but the applicability of this method to migration solutions obtained from tableware has not yet been reported.
In this paper, the AA and AHMT methods for determining formaldehyde in migration solution are compared.
Formalin was used as the standard substance in place of hexamethylenetetramine (this compound does not react with AHMT), steam distillation of the migration solution was omitted and 4% acetic acid was used in place of water for accelerating the release of formaldehyde into the solvent for the migration test, although both the steam distillation and water as a solvent are specified in the Food Sanitation Law1), to determine low concentrations of formaldehyde. 4. Analytical method for formaldehyde 1) AA method. The AA method was based on the monomer determination method for utensils, containers and packaging specified in the Food Sanitation Law1). To 5 ml of formaldehyde standard solution or the migration solution, 5 ml of AA solution was added and mixed. The mixture was heated in boiling water for 10 min. After cooling, the optical density of the solution was detemined at 415 nm. Five milliliters of water or 4% acetic acid was used in place of the standard or migration solution for the blank test.
2) AHMT method. The AHMT method was based on the method described in the Standard Methods of Analysis for Hygienic Chemists4). To 2 ml of the standard solution or the migration solution, 2 ml of 5 N sodium hydroxide solution and 2 ml of the AHMT solution were added and mixed gently in a glass-stoppered tube. The tube was left to stand for 20 min at room temperature (20C), then 2 ml of potassium periodate solution was added. The mixture was shaken until the reaction was complete, and the optical density was determined at 550 nm. Two milliliters of water or 4% acetic acid was used in place of the standard or migration solution for the blank test.
Water was used as the reference for the determination of optical density.
5. Determination of the effect of temperature and coexisting urea, phenol or melamine on the reaction of formaldehyde with AHMT To 2 ml of the solution containing 1 ppm of formaldehyde and 10 ppm urea, phenol or melamine, 2 ml of 5 N sodium hydroxide solution and 2 ml of the AHMT solution were added. The mixture was left to stand at 0, 20, 40, 60, or 80C for 20 min. After addition of 2 ml of potassium periodate, the optical density was determined.
Migration test
Samples were filled with 4% acetic acid, pre- Results and Discussion The calibration curve obtained by the AA method was expressed by the formula y=0.132x -0.004, r=1.0000, and that obtained by the AHMT method was y=0.282x-0.005, r=0.9998, where y=optical density, x=concentration of formaldehyde (ppm) and r=correlation coefficient. It was confirmed that both methods have high linearity even for low concentrations of formaldehyde, and both calibration curves passed close to the origin. The sensitivity of the AHMT method was about 2.1 times greater than that of the AA method. These results coincided with those of Mimura et al2). and Okada et al3).
The authors have reported that the detection (determination)
limit of the AA method is 0.1 ppm5), with an optical density of 0.010. The detection limit of the AHMT method corresponded to 0.05 ppm when the same optical density limit was applied.
Effect of coexisting substances
The effects of urea, phenol and melamine on the determination of formaldehyde were examined because these substances are considered to coexist with formaldehyde in migration solutions obtained from tableware made of thermo- fixed at 10ppm and that of formaldehyde was changed to 0.1, 0.5 and 1.0ppm are shown in Table 3 . No effect of coexisting substances was observed in this experiment either. From these results, neither the AA nor the AHMT method was considered to be affected by the coexistence of urea, phenol or melamine.
Effect of temperature on the AHMT method
The effect of the temperature4) during standing for 20 min after the addition of the AHMT solution on color development is shown in Table  4 . The optical density of the color-developed solution that stood at 20C for 20 min was the 4. Response of aldehydes to the AA and AHMT methods Each aldehyde (100mg) was diluted with water to make 1, 10 and 100 ppm solutions. Five or 2 ml of each solution was subjected to the AA or AHMT method, respectively, to deter- The optical density was measured at 415 nm for the AA method and 550 nm for the AHMT method. were compared with that of the 1ppm formaldehyde standard solution (Table 5) (Fig. 2a) . In contrast, these aldehydes responded to the AHMT method at the level of 1ppm, and 100ppm of these aldehydes corresponded to 1-3ppm of formaldehyde.
The absorption maxima of these aldehydes treated by the AHMT method were observed at a wavelength 30 nm shorter than that of formaldehyde (Fig. 2b) .
These results indicate that the AHMT method is more (10100 times or more) affected by al- tion should be given as to whether aldehydes are present when modified solvent systems such as acetic acid, ethanol, edible oil and foods suspected to contain aldehydes are used.
Effect of solvents of the formaldehyde solution
According to the Food Sanitation Law,1) water is used for the migration test of formaldehyde, but 3% or 4% acetic acid is also often used5)-7). Thus the effect of the solvent for the migration test on color development was examined using a 1 ppm formaldehyde water solution and a 4% acetic acid solution by the AA and AHMT methods.
The same optical density was obtained for both the water and 4% acetic acid solution (0.126+0.001) by the AA method, but the optical density of the 4% acetic acid solution, 0.294 + 0.004, was 5.4% higher than that of the water solution, 0279+0.007, when the AHMT method was applied. The difference in optical densities obtained by the use of different solvents is also correctable by the use of formaldehyde standard solution dissolved in the same solvent used for the migration test.
Recovery test
In the present paper the migration test of formaldehyde from melamine-resin tableware was carried out using 4% acetic acid at 60, 80 and 95C for 30 min. The formaldehyde standard solution in 4% acetic acid was heated at 60, 80 or 95C for 30 min and the recoveries were determined by the AA and AHMT methods. The recoveries by both methods were almost 100%, and no difference in recovery was observed between the two methods (Table 6 ).
Comparison of the concentrations of formalde-
hyde released from melamine tableware determined by the AA and AHMT methods The results (Table 7) were not corrected for the volume of the migration solvent which is specified as "2 ml of migration solvent/cm2 of inner surface" in the Food Sanitation Law1). The detection limits by the AA and AHMT methods have been discussed in section 1. When the migration of formaldehyde is between 0.05 and 0.1 ppm (although not observed in the present study), it might be detected by the AHMT method but not by the AA method because of the difference in sensitivity between the two.
In the migration test at 80C, the concentra- 
